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Figure 1:  Time series plots of magnetic field magnitude produced by the MHD simulation for in situ locations along the noon-midnight meridian.
For this simulation run the dynamic pressure was increased as a step function from 1 nPa to 4 nPa, and other solar wind inputs were kept 
constant throughout the duration of the simulation.  Output resolution of the time series plots is 10 seconds.  In situ plots presented are at 1 RE 
intervals in the ZGSE direction for the northern hemispehere of the magnetopshere, and every 2 RE in the X direction between _ 9 RE.+

The blue background behind the plots indicate a spatial region where the magnetic field magnitude decreases as a result
of magnetospheric compression.  This dayside region extends to high altitudes relative to the Earth as shown on the
diagram.  At lower altitudes along the X = 9 RE GSE plane fluctuations in BTotal are a result of the magnetopause motion.
Along the equatorial plane and on the nightside of Earth BTotal is expected to increase.

Comparison of in situ   B predicted by 
MHD and Tsyganenko models

Comparison of in situ   B observed by 
Polar and Tsyganenko models

Abstract: It is well known that dynamic pressure changes in the solar
wind determine changes in the Earth's magnetic field.  However, the
magnetospheric response is not as rapid as the abrupt changes
associated with a thin interplanetary shock front.  We use an MHD
model to investigate the rise time of sudden impulses (SIs) observed
by the Polar spacecraft.  By increasing the solar wind speed we see
the magnetosphere response.  Previous investigations with the T89
and T96 models have shown that at high altitudes on the dayside
magnetospheric compression can lead to decreases in the magnetic
field magnitude.  Simulations with the MHD model predict similar
responses, which is consistent with observations.

Introduction:  Interactions between interplanetary shock fronts and
the Earth's magnetosphere generates rapid enhancments in the 
geomagnetic field, which are known as a Sudden Impulses (SIs).  
These field enhancements maintain the pressure balance at the 
magnetospause between the Earth's magnetic fields and the solar 
wind dynamic pressure.  Fowler and Russell [in preparation (a)]
have investigated magnetospheric compression with the T89 and
T96 models, and found that the models predict a high altitude region
on the dayside where total magnetic fields decrease as a result of 
magnetospheric compression, which is consistent with observations.
Fowler and Russell [in preparation (b)] have also used observational
evidence to study the rise times of SIs, which is not possible with
steady state models.  The rise time is indicative of the duration that
a compressional signal is measured in situ while the shock front
propagates along the exterior of the magnetosphere.  The rise time
of an SI is dependent on the speed that a shock front travels through
the solar wind.

Results:  Magntic field values are predicted throughout the magnetosphere

with an MHD model that is fully described by Raeder et al., [2001].

Presented in Figure 1 are timeseries plots of a simulated SI where dynamic

pressure was increased as a step function from 1 nPa to 4 nPa while all

other inputs were kept constant.  The plots are located in situ along the

noon-midnight meridian as labeled in the figure.  Highlighted by a blue

backdrop is a region where BTotal decreases as a result of the compression.

Contour plots are presented in Figure 2 that are magnetic field changes

along the noon-midnight meridian determined by the T89 and T96 models.

The color scale represents the magnitude of   B where the hot colors are

increases in BTotal and cool colors are decreases.  Numerical overlays in 

the left column are the   B values predicted by the MHD model from 

Figure 1, and the symbolic overlays in the right column of Figure 2 are the

Polar observations within _2 RE of the noon-midnight meridian.  In 

Figures 3 and 4 are MHD simulations of SIs observed by Polar on 

10/12/00 and 9/28/96.  Solar wind input speeds are modified to determine

the effect on SI rise times.  Dynamic pressure values are kept the same as 

the original Wind observations by adjusting NP.  Shock traveling faster in

the solar wind produce SI with more rapid rise times, and slower speeds

lead to a more prolonged SI rise time.

Conclusions:  Results from MHD simulations of magnetospheric 

compression are presented.  The magnetic field changes at high altitudes

on the dayside are consistent with not only observations but also the T89

and T96 models when subjected to the same similar solar wind conditions.

The MHD model well replicates two SI observations.  Solar wind input

speeds are increased and decreased for these SIs, which predicts faster and

slower rise times respectively for the simulated SI.
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Polar observation

Simulation results with Wind inputs
Simulation with same dynamic pressure (Vx * 2 and Np / 4)
Simulation with same dynamic pressure (Vx * 3 and Np / 9)

Universal Time (Hr:Mn)

10/12/00 SI Polar observation and MHD Simulation Results

Figure 3:  An interplanetary shock observed by Wind on 10/12/00 is
illustrated on the left.  These are the inputs to the MHD model, which
predicts the SI in the bottom of the panel.  Time series plots presented
above include the SI observed by Polar (black trace) and the simulation
results (blue trace).  Input parameters are altered to study the effects of
solar wind speed on the SI rise time.  VX is doubled and tripled and NP
is proportionally decreased keeping dynamic pressure the same as
observations.  The simulations with faster solar wind speed (green and
red traces) predict more rapid rise times.
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Figure 4:  An interplanetary shock observed by Wind on 9/28/96 is
illustrated on the left.  Time series plots presented above include the SI
observed by Polar (black trace) and the simulation results (blue trace).
VX is increased in two simulations and decreased in another two.
Dynamic pressure is kept the same as observations with adjustments
to NP.  Simulations with faster solar wind speed (green and red traces)
predict faster rise times and simulations with slower solar wind speed
(purple and orange traces) predict slower SI rise times.
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